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ABSTRACT 
The ability to confidently obtain deoxyribonucleic acid (DNA) profiles from a 
variety of sample types in a crime laboratory is very important.  The first step in the analysis 
of DNA in a forensic crime laboratory is the extraction of the nucleic acid material from 
the rest of the cellular material contained in the sample.  There are many different extraction 
methods available for use in the field of forensics but one that is reliable, cost effective, 
and easy to use is necessary.  One of the methods that meet these requirements is a solid-
phase extraction utilizing a silica membrane that binds the DNA in the presence of 
chaotropic salts.  This solid-phase extraction using a silica membrane is ideal for 
automation and use with a bio-robot.  One commonly used instrument is the BioRobot 
EZ1® system (Hilden, Germany) from Qiagen®.  Automation using these robots was the 
first step in decreasing the time it takes to perform extraction as well as reduce the potential 
for contamination, but there are still opportunities to improve in both of these areas.  In this 
study the Qiagen® Lyse&Spin Basket Kit was evaluated due to its potential to further 
decrease the time needed for extraction and the eliminate a step of the extraction process 
where contamination could be introduced.  Laboratories around the country have reported 
problems with using Buffer G2 as an extraction buffer when used with samples such as 
blood on fabric.  The reason for this is currently unknown, but in order to continue to 
confidently extract samples of this type, a change to diluted ATL buffer was suggested.  
vi 
The current extraction buffer, G2, used in the extraction protocol at the Kansas City 
Police Crime Laboratory was not yielding results in some situations such as blood on 
fabric.  Switching to diluted ATL yielded the same quantity of DNA and the same quality 
of DNA profiles with mock casework samples.  When diluted ATL was used with Quality 
Control (QC stain) samples it yielded significantly more DNA during extraction.  When 
the Qiagen® Lyse&Spin Basket Kit was used during the extraction of whole blood on 
fabric (QC stain samples) they showed a significantly lower quantitation value than the 
tubes currently used in the Kansas City Police Department Crime Laboratory.  The same 
results were obtained when the Qiagen® Lyse&Spin Basket Kit was used to extract 1:2 
diluted saliva samples.  When samples with lower quantities of DNA, such as 1:100 blood 
dilutions, 1:50 saliva dilutions, and mock casework samples, were examined the Qiagen® 
Lyse&Spin Basket Kit there were no significant differences seen when compared to the 
currently used baskets.  When the quantitation data was analyzed for the QC stain samples 
extracted with the Qiagen® Lyse&Spin Basket Kit, abnormally high degradation index 
(DI) values were observed.  It was determined that these high values did not affect the 
integrity of the sample.  In order to determine the possible cause behind the poor 
performance of the Qiagen® Lyse&Spin Basket Kit when used to extract samples with 
higher starting amounts of DNA an experiment was designed to determine if genetic 
material was left on the cotton swatch in the spin basket.  It was seen that DNA was left 
behind on the cotton swatches from both the Qiagen® Lyse&Spin Baskets and the 
currently used baskets.  It appeared that more DNA was contained on the fabric used with 
the Qiagen® Lyse&Spin Basket, but further research is needed to determine if this 
difference is significant.  
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1. INTRODUCTION 
In the field of forensic science one of the most important areas is the analysis of 
deoxyribonucleic acid (DNA).  The discovery of DNA fingerprinting had a lasting impact 
on the field of forensic science and criminal justice systems around the world (1).  DNA is 
the genetic information contained in the nucleus of most cells in the body and found in 
body fluids such as blood, semen, and saliva (2).  The molecule that is referred to as DNA 
consists of four base pairs, connected by hydrogen bonds, and linked by a sugar-phosphate 
backbone.  The bases are adenine (A), cytosine (C), guanine (G), and thymine (T).  When 
these bases are bonded together, they create a sequence known as a genetic code (3). 
Forensic DNA typing has evolved over the years to give forensic scientists to 
discriminate unrelated individuals by looking at the small sections of DNA that are 
different between unrelated individuals.  The forensic potential of DNA evidence was first 
realized in 1986 when it was used to connect a suspect in a crime to the biological evidence 
found (4).  The first DNA typing system, referred to as “DNA fingerprinting” showed the 
variation between individuals using variable number of tandem repeat (VNTR) loci.  These 
VNTR loci consist of regions where a sequence of bases (about 20 base pairs long) is 
continuously repeated and the variability of these regions between individuals allows 
people to be differentiated (4,5).  Microsatellite regions with repeat units of 2 to 7 base 
pairs, called short tandem repeats (STR), were discovered in the 1990’s and give an even 
greater discriminating power between individuals (6).  STRs quickly became a popular 
marker due to their ability to be easily amplified by the polymerase chain reaction (PCR) 
and the Federal Bureau of Investigation (FBI) worked to establish 13 STR loci for crime 
laboratories to use nationwide (7).  These core STR loci became the loci used in the 
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Combined DNA Index System (CODIS), which is a program of support for DNA databases 
used by the criminal justice system (7).  Due to the discriminating potential of DNA 
evidence it can be used to either connect or exonerate an individual from evidence.  
Because any mistakes made could be potentially detrimental to the lives of individuals, it 
is important that dependable methods are used.  
After the biological evidence is submitted to a crime laboratory it undergoes a series 
of processes that result in the generation of a DNA profile.  The first step in this process is 
extracting the nucleic acid material from cells present on the evidence.  The next step is 
quantitation, which determines the concentration of DNA present in the sample by using a 
PCR method called real-time quantitative PCR (qPCR) (3).  After the amount of DNA is 
known the sample is amplified using PCR, which creates many copies of all the sequences 
of interest.  The final step is the generation of the DNA profile, which is accomplished 
using capillary electrophoresis (CE).  Migration of the fragments through a capillary filled 
with a polymer allows them to be separated by size, while a fluorescent dye that is 
incorporated during PCR and attached to a primer allows these fragments to be detected 
(2).   The separation of the DNA fragments is then read by a detector contained in the 
instrument using multiple-color fluorescence detection (2).  This information along with 
the information collected from a set of standards is fed to a software program that generates 
the DNA profile (3).  
 
1.1 DNA Extraction Methods 
There are many different DNA extraction methods available for use in a forensic 
crime laboratory.  The first extraction and isolation of genetic material occurred in 1869 
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and, since this time, many different protocols have been developed (8).  One of the first 
DNA extraction methods used in the field of forensics incorporated organic solvents such 
as phenol-chloroform.  The phenol-chloroform separates the proteins from the aqueous 
component. The proteins are held at the interface of the organic and aqueous phases (3).  
This method yields large amounts of DNA that can be used in many different ways but is 
time consuming and contains potentially harmful chemicals (8).  The next method 
developed used a chelating-resin suspension that can be added directly to the sample.  This 
method of extraction involves fewer steps and is much faster than the organic extraction, 
but there is the possibility of PCR inhibition (2).  The most commonly used DNA extraction 
methods are solid-phase DNA extractions because they allow for a more efficient process 
than previous methods (8).  In the solid-phase extraction, DNA is absorbed into a material 
such as silica in the extraction process depending on the pH and salt concentration of the 
buffer (8).   
One of the commercial and widely available products that utilizes this method is 
the QIAamp membrane column produced by Qiagen® (Qiagen, Hilden, Germany) (9).  
This silica-based column selectively absorbs nucleic acids in the presence of chaotropic 
salts (2,9).  After the DNA is absorbed to the silica membrane the impurities and PCR 
inhibitors present in the sample can be easily washed away in a series of wash steps (2).  
After the wash steps, a low salt solution is introduced to create an alkaline environment 
and elute the nuclear material from the silica membrane (3).  These steps are shown in 
Figure 1.  Silica in a magnetic bead format is also available from other manufacturers such 
as the DNA IQTM System by Promega Corporation (Madison, WI) and the PrepFilerTM 
Forensic DNA Extraction Kit by Applied BiosystemsTM (ThermoFisher Scientific, 
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Waltham, MA).  The use of solid-phase extraction methods such as these allow for the 
potential for automation and, therefore, reduce the risk of contamination (10).  
 
Figure 1. Qiagen QIAamp® DNA Investigator Extraction Procedure (9) 
 
1.1.1 Automated Extraction 
Today the most time efficient methods of extraction involve automating much of 
the extraction process.  This automation is possible when utilizing the same principle of 
solid-phase extraction method mentioned above of binding to silica but use magnetic beads 
instead of a membrane.  This type of method was chosen because it’s ability for automation 
(11).  This change has allowed crime laboratories to decrease the time and man-power it 
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takes to perform an extraction, as well as reduce the risk of contamination associated with 
the process (12).  One commonly used instrument for this purpose is the BioRobot EZ1® 
system (Hilden, Germany) from Qiagen®.  This instrument operates using magnetic 
particle technology to bind the nucleic acids to the silica surface of the magnetic beads in 
the presence of a chaotropic salt (13).  The beads are then separated using a magnet and 
washed with buffer.  The magnetic beads are then subjected to a low salt environment to 
elute the DNA in either a TE or other water-based buffer depending on the settings of the 
instrument (14, 15).  
 
1.1.2 Qiagen® Lyse&Spin Basket Kit 
Although this automation saves time in the extraction process there is still room for 
improvement.  One area of interest is the portion process that occurs prior to introduction 
of the samples to the automated instrument.  The protocol varies between different 
laboratories, but they all contain the same elements:  1) preparation of the substrate for 
extraction, 2) incubation in the extraction liquid, 3) transferring the substrate to a spin 
basket, 4) spinning the substrate dry, and 5) adding Qiagen® MTL buffer.  One of these 
elements has the potential to be streamlined using the Qiagen® Lyse&Spin Basket (Hilden, 
Germany).  This kit eliminates the transfer of the substrate into a spin basket because the 
spin basket is incorporated into the extraction tube and a membrane holds the lysis buffer 
in the basket during the incubation step (16, 17).  
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1.2 Purpose of Study 
 This study was done in collaboration with the Kansas City Police Department 
Crime Laboratory in order to validate an extraction method using diluted ATL as an 
extraction buffer with the Qiagen® Lyse&Spin Basket Kit.  A report from the Houston 
Forensic Science Center states that Buffer G2 does not yield reliable results with blood 
samples (18).  The current EZ1® Advanced XL system (Qiagen, Hilden, Germany) with 
EZ1® Investigator Kit (Qiagen, Hilden, Germany) extraction protocol used by the Kansas 
City Police Department Crime Laboratory requires the use of Buffer G2 in the lysis master 
mix (19).  Evidence sample containing blood are very common in the laboratory and the 
ability to efficiently extract DNA from a blood sample is very important. Although blood 
was the only sample type mentioned in this report, the laboratory was interested in 
assessing the change for other types of samples. Therefore, a range of typical samples seen 
in this laboratory are evaluated.   
The hypothesis has tested whether a new procedure would result in higher DNA 
recovery. The new procedure includes two changes. They are switching the Qiagen® buffer 
G2 to Qiagen® diluted ATL buffer for cell lysis and using the Qiagen® Lyse&Spin Basket 
Kit as the spin basket instead of the spin basket currently used in the Kansas City Police 
Crime Laboratory.  The methods were tested by comparison of DNA recovery from the 
currently used protocol to DNA recovery using the proposed modification.  This method 
modification examined a change to diluted ATL buffer on blood, saliva, and touch samples 
and compared the yield as well as profile quality with diluted ATL buffer to determine if 
the extraction buffer change is able to obtain an increased recovery of DNA from these 
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sample types with no detrimental effect to the profiles generated.  The Qiagen® Lyse&Spin 
Basket Kit contains spin baskets that have a different design than the Laboratory Product 
Sales, Inc (LPS) forensic spin filter which are currently used for extraction.  When using 
this kit, the spin basket is placed inside the tube at the beginning of the extraction process.  
The substrate and extraction buffer are incubated in the spin basket, which contains a 
membrane covering the slits on the bottom of the basket.  After incubation, the membrane 
is broken during the spin step of the extraction process eliminating the need to remove the 
substrate to place a spin basket in the tube.  This modification potentially saves time and 
reduces the risk of cross contamination during this part of the extraction process.  Mock 
casework samples, dilutions of blood and saliva, as well as Quality Control (QC) stain 
samples consisting of blood on cotton fabric were evaluated in order to determine if the 
Qiagen® Lyse&Spin Basket kit performed in the same manner as the currently used 
forensic spin filter.  
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2. MATERIALS AND METHODS 
2.1 Preparation of Samples 
We used controlled QC samples and mock evidence samples.  QC stains were 
produced by depositing 2 microliters (µL) of blood from a known source on a sterile cotton 
swatch and allowing each swatch to dry completely in order to evaluate the change in buffer 
to diluted ATL.  For the evaluation of using diluted ATL buffer for extraction a total of 40 
were evaluated.  For the evaluation of Qiagen® Lyse&Spin Basket Kit a total of 40 were 
evaluated.  Figure 2 shows an example of a QC stain.  In preparation of mock casework 
samples, a range of typical DNA samples (NP or non-probative evidence samples) seen in 
casework were gathered in order to evaluate the effectiveness of the change in buffer to 
diluted ATL on evidence-type samples.  These samples included blood or saliva on various 
types of substrates, swabs of the mouth area of bottles, cans, straws, food, and cigarette 
butts as well as touch samples.  For the evaluation of using diluted ATL buffer for 
extraction a total of 21 evidence-type samples were evaluated.  For the evaluation of 
Qiagen® Lyse&Spin Basket Kit a total of 123 evidence-type samples were evaluated.  For 
consistency, 1/2 of each swab was taken for each extraction method and/or for the spin 
basket comparison.  Figure 3 shows an example of a swab used for mock casework 
samples. All samples prepared for both methods are represented in Table 1.  
Table 1. Samples prepared for each method. 
 Buffer G2 Diluted ATL Buffer 
LPS Forensic Spin 
Filter (Current) 
Qiagen® Lyse&Spin 
Basket 
QC 20 20 15 25 
NP 21 19 27 27 
Saliva 1:2 N/A N/A 15 30 
Saliva 1:50 N/A N/A 6 6 
Blood 1:100 N/A N/A 6 6 
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Figure 2. QC (Quality Control) stain sample.  QC stains consist of 2 µL of blood on 
white cotton fabric. 
 
 
Figure 3. Mock casework swab cut in half. 
 
2.2 Extraction Parameters 
2.2.1 Comparison of Diluted ATL Extraction Buffer and G2 Extraction Buffer 
For all samples, both the QC stains and the mock casework samples, 1/2 of each 
sample was treated with 480 µL G2 buffer, 1/2 of each sample was treated with 480 µL 
diluted ATL buffer. 20 µL Protinase K and 1 µL of cRNA from the Qiagen® EZ1® 
Investigator Kit (Qiagen, Hilden, Germany) were added to both (20).  Each buffer 
evaluated is produced by Qiagen® for use in the extraction kit.  A separate tube containing 
only extraction reagents was prepared and labeled as the reagent blank.  Each sample was 
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then incubated at 56ºC on a thermomixer set to 750RPM for two hours.  After incubation, 
each tube was quickly spun, and the substrate/cutting was removed and placed in a spin 
basket.  The spin basket was placed in the basket tube and spun in a centrifuge for 5 minutes 
at 12,000RPM.  The spin basket containing the substrate material was then discarded and 
400 µL of MTL buffer was added to the sample tube.  The samples were then purified 
using the EZ1® Advanced XL system with EZ1® Investigator Kits using the Large 
Volume method and eluted in about 40 µL of TE buffer (20).  
 
2.2.2 Comparison of the Qiagen® Lyse&Spin Basket Kit and Laboratory Product Sales 
Forensic Spin Filter 
 One half of the samples evaluated were placed in the standard 2 mL extraction tube 
and treated with 480 µL diluted ATL buffer, 20 µL Protinase K, and 1 µL of cRNA from 
the Qiagen EZ1® Investigator Kit (20).  A separate tube containing only extraction 
reagents was prepared and labeled as the reagent blank.  Each sample in the standard tube 
was then incubated at 56ºC on a thermomixer set to 750RPM for two hours.  After 
incubation, each tube was quickly spun, and the substrate/cutting was removed and placed 
in a spin basket.  The spin basket was placed in the basket tube and spun in a centrifuge for 
5 minutes at 12,000RPM.  The spin basket containing the substrate material was then 
discarded. To the flow through volume, 400 µL of MTL buffer was added.  These samples 
were then purified using the EZ1® Advanced XL system with EZ1® Investigator Kits 
using the Large Volume method and eluted using 40 µL of TE buffer (20). 
  The other half of samples evaluated were placed in the Qiagen® Lyse&Spin Basket 
tube and treated with 480 µL diluted ATL buffer, 20 µL Protinase K, and 1 µL of cRNA 
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from the Qiagen® EZ1® DNA Investigator Kit (20).  Each sample in the Qiagen® 
Lyse&Spin Basket tube was then incubated at 61ºC on a thermomixer set to 900RPM.  
After incubation, each tube was spun in a centrifuge for 5 minutes at 14,000RPM.  To the 
flow through volume, 400 µL of MTL buffer was added (17).  The samples were then 
purified using the EZ1® Advanced XL system with EZ1® Investigator Kits using the 
Large Volume method and eluted using 40 µL of TE buffer (20). 
 
2.3 DNA Quantitation 
Each sample extracted using the EZ1® Advanced XL system and all reagent blanks 
were quantified using the ABI QuantifilerTM Trio DNA Quantification Kit (ThermoFisher 
Scientific, Waltham, MA) and prepared according to the manufacturer's instructions in the 
QuantifilerTM HP and Trio DNA Quantification Kits User Guide (21).  Samples were 
quantified using the ABI Prisim® 7500 Sequence Detection System (ThermoFisher 
Scientific, Waltham, MA). 
 
2.4 DNA Amplification 
The samples in Table 1 were amplified using the GlobalFilerTM PCR Amplification 
Kit (ThermoFisher Scientific, Waltham, MA).  GlobalFilerTM reactions were prepared 
according to the manufacturer's instructions in the GlobalFilerTM PCR Amplification Kit 
User Guide (22).  Samples were amplified using the GeneAmp® PCR System 9700 
(ThermoFisher Scientific, Waltham, MA) and Applied Biosystems Veriti™ Thermal 
Cycler (ThermoFisher Scientific, Waltham, MA) following the amplification parameters 
(29 cycles) for the GlobalFilerTM kit displayed in Figure 3. 
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Figure 4. GlobalFilerTM kit amplification protocol.  Parameters are those recommended 
by the manufacturer for 29 cycles (22).  
 
2.5 Capillary Electrophoresis  
All amplified samples were injected on the Applied Biosystems 3500 Genetic 
Analyzer (ThermoFisher Scientific, Waltham, MA) following the manufacturer's protocol 
(23).  Allelic ladders were incorporated in the sample plate.   
 
2.6 DNA Profile and Data Analysis 
Resulting electropherograms were analyzed with GeneMapper® ID-X 1.5 software 
(ThermoFisher Scientific, Waltham, MA) (24).  The artifacts in the profiles were manually 
removed.  All data was analyzed, and plots were generated using statistical analysis 
software JMP® Pro 13.2.0.  
 
2.7 Use of ZyGEM to Examine Efficiency of the Qiagen® Lyse&Spin Basket Kit 
A ZyGEM Extraction was performed on neat saliva by adding 20 µL undiluted 
saliva, 10 µL of 10X Buffer Blue, 1 µL ZyGEM, and 69 µL water to a reaction tube (25).  
Reagent blanks were run in the same manner and each extraction was performed in 
95°C for 1 minute 
94°C for 10 seconds 
59°C for 90 seconds 
Repeat for 29 cycles 
60°C for 10 minutes 
4°C hold 
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duplicate. Each reaction tube was placed in the thermal cycler at 75°C for 15 minutes to 
activate the reaction then incubated at 95°C for 5 minutes in order to inactivate the protease.  
10 µL of the digest liquid was saved to be quantified as the starting quantity of DNA.  40 
µL of the digest liquid was added to an LPS forensic spin filter containing a swatch of 
white, cotton fabric and 360 µL TE buffer, as well as to a Qiagen® Lyse&Spin basket 
containing a swatch of white, cotton fabric and 360 µL TE buffer.  The LPS forensic spin 
filter was spun at 12,000RPM for 5 minutes and the Qiagen® Lyse&Spin basket was spun 
at 14,000RPM for 5 minutes.  The flow through from each tube was saved for quantitation.  
The fabric remaining in each basket was added to a 2 mL tube with 200 µL TE buffer and 
incubated at 37°C and 500RPM for 1 hour.  The extraction liquid from each tube containing 
cotton fabric was saved for DNA quantitation. Each sample was quantified using the ABI 
QuantifilerTM Duo DNA Quantification Kit (ThermoFisher Scientific, Waltham, MA) and 
prepared according to the manufacturer's instructions in the QuantifilerTM Duo DNA 
Quantification Kit User Guide (26). 
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3. RESULTS AND CONCLUSIONS 
3.1 Comparison of Diluted ATL Extraction Buffer and Extraction Buffer G2  
3.1.1 Using Diluted ATL Buffer for the Extraction of QC Stain Samples 
15 QC samples were tested in each method. The total human DNA in nanograms 
(ng) obtained from the QC stain samples extracted with buffer G2 were compared to the 
total human DNA (ng) obtained from the QC stain samples extracted with diluted ATL 
buffer.  There was no indication of degradation from the degradation index values.  The 
total human DNA extracted from the samples is shown in Figure 5.  A t-Test was performed 
to evaluate the difference between buffer G2 and diluted ATL buffer, shown in Table 2.   
The samples extracted with diluted ATL buffer yielded significantly more DNA than 
samples extracted with buffer G2, shown in Figure 6. 
Figure 5. Oneway analysis of Total Human DNA (ng) by buffer of QC stain 
samples.  Mean and standard error bars are shown with blue lines, grand mean is shown 
with a solid grey line, n=40. 
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Table 2. A t-Test was used to evaluate the difference between buffer G2 and diluted 
ATL buffer for QC stain samples.  Shows a significant difference between the buffers 
for QC stain samples, assuming unequal variances. 
 
Buffer G2 Dil ATL 
Number of Samples 20 20 Upper CL Dif 0.519 
Minimum 19.27 0.64 Lower CL Dif -31.88 
Maximum 76.45 134.01 Prob > |t| 0.0573 
Mean 46.9 62.6 Prob > t 0.9714 
STDEV 15.9 31.6 Prob < t 0.0286 
 
 
Figure 6. Comparison of buffer G2 and diluted ATL buffer for QC stain samples t-
Test plot.  Shows the sampling distribution of the difference in the means.  The red line is 
the actual difference in the means.  The shaded areas correspond to the p-values. 
 
 
3.1.2 Using Diluted ATL Buffer for the Extraction of Mock Casework Samples 
The total human DNA (ng) obtained from the mock casework samples extracted 
with buffer G2 were compared to the total human DNA (ng) obtained from the mock 
casework samples extracted with dilutes ATL buffer using prepared swabs that were cut in 
half.  The total human DNA extracted from the samples is shown in Figure 7.  A t-Test was 
performed to evaluate the difference between buffer G2 and diluted ATL buffer, shown in 
Table 3.  There was no indication of degradation from the degradation index values and 
there was no significant difference in the Total Human DNA (ng) yields between the two 
buffers, shown in Figure 8.  
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Figure 7. Oneway analysis of Total Human DNA (ng) by buffer of mock casework 
samples.  Mean and standard error bars are shown with blue lines, grand mean is shown 
with a solid grey line, n=40. 
 
 
Table 3. A t-Test was used to evaluate the difference between buffer G2 and diluted 
ATL buffer for mock casework samples.  Shows no significant difference between the 
buffers for mock casework samples. 
 
Buffer G2 Dil ATL 
Number of Samples 19 19 Upper CL Dif 6.5404 
Minimum 0 0 Lower CL Dif -5.5783 
Maximum 37.01 27.27 Prob > |t| 0.8729 
Mean 5.36 4.88 Prob > t 0.4365 
STDEV 9.75 8.62 Prob < t 0.5635 
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Figure 8. Comparison of buffer G2 and diluted ATL buffer for mock casework 
samples t-Test plot.  Shows the sampling distribution of the difference in the means.  The 
red line is the actual difference in the means.  The shaded areas correspond to the p-values. 
 
 
Profiles were developed for 8 mock casework samples in order to determine if the 
change in buffer affected profile development.  These samples were all swabs from 
different kinds of drinking containers.  Tables 4 shows which samples were amplified, the 
amount amplified, and the degradation index (DI).  Table 5 shows the profile results of 
each amplified sample.  Several samples with less than 1.25ng of DNA were amplified to 
determine profile quality when less than the ideal amount was amplified.  Concordant and 
complete single source profiles were developed from each sample except the swab of the 
Sprite bottle (NP19) and the swab of the Lipton bottle (NP21) which were concordant 
mixtures.  Analysis of the profile quality was based upon analysis of the peak height per 
allele (PH/A) and the ratio of small locus versus large locus (S:L) peak heights per dye 
color.  The sample average ratio (for all five dye colors) was below 2 for each sample with 
the exception of NP14 extracted with diluted ATL, NP16, NP17, NP19 G2, and NP21, 
indicating slight degradation in these profiles.  The Trio degradation index for NP19 was 
nearly 2 and for NP16 extracted with G2 it was 2.3 (highest of the amplified samples) and 
is consistent with the elevated ratio calculated from the observed peak heights.  However, 
this slight degradation did not affect the ability to detect a full profile nor did the sub-
optimal template and high variation observed for NP14 extracted with diluted ATL, NP17, 
18 
and NP21.  The variation between dye colors within a sample (%CV of the ratios of small 
to large locus peak heights for all 5 dyes) was consistent for most samples and is more 
likely due to differences in amplification efficiencies in a large multiplex.  Therefore, any 
potentially elevated values are more likely to be attributed to sample type and/or template 
amplified rather than any modification to the extraction method. The profile developed for 
NP15 is shown below in Figure 8 as an example. 
Table 4. Mock casework amplified 
 
Sample Buffer Template DI 
NP14 G2 0.28ng 1.2 Dil ATL 0.42ng 0.9 
NP15 G2 1.25ng 1.1 Dil ATL 0.60ng 1.3 
NP16 G2 80pg 2.3 Dil ATL 82.5pg 0.4 
NP17 G2 1.25ng 1.1 Dil ATL 1.25ng 0.7 
NP18 G2 1.25ng 0.7 Dil ATL 1.25ng 0.9 
NP19 G2 1.09ng 1.7 Dil ATL 0.15ng 0.9 
NP20 G2 0.46ng 0.7 Dil ATL 0.68ng 0.8 
NP21 G2 1.25ng 0.9 Dil ATL 1.25ng 0.8 
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Table 5. Quality Evaluation of mock casework amplified.  Peak heights per allele and 
peak height ratios per dye color, All 5 dyes: variation. 
 
Sample Buffer Average PH/A 
Profile 
Results 
Average 
Ratio 
(S:L) 
STDEV %CV 
NP14 
G2 2129 Single Source 1.87 0.45 24% 
Dil ATL 3053 Single Source 2.02 0.38 19.1% 
NP15 G2 5425 Single Source 1.46 0.42 28.7% Dil ATL 5343 Single Source 1.71 0.46 27.2% 
NP16 G2 244 Single Source 2.05 1.14 55.6% Dil ATL 494 Single Source 2.79 0.77 27.5% 
NP17 G2 5185 Single Source 2.31 0.38 16.4% Dil ATL 5873 Single Source 2.33 0.22 9.3% 
NP18 G2 6910 Single Source 1.62 0.5 30.7% Dil ATL 10046 Single Source 1.36 0.36 26.4% 
NP19 
G2 2509 Mixture 2.26 1.06 46.9% 
Dil ATL 5815 Mixture 1.63 0.39 23.9% 
NP20 
G2 2613 Single Source 1.51 0.44 29.2% 
Dil ATL 5194 Single Source 1.57 0.38 24% 
NP21 G2 3035 Mixture 2.66 1.03 38.7% Dil ATL 2874 Mixture 2.3 0.9 38.9% 
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Figure 9. Example of profile generated.  Sample extracted with diluted ATL buffer.  
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3.1.3 Use of Diluted ATL as an Extraction Buffer in a Crime Laboratory 
The results obtained when evaluating the diluted ATL buffer with QC stains 
showed that the Diluted ATL buffer yielded a significantly higher quantity of DNA than 
the buffer G2.  When the mock casework samples were evaluated, there was no significant 
difference between the two buffers.  Due to the mock samples being cut in half, as they 
would in a crime laboratory, there is no guarantee that the same quantity of DNA is on each 
of the halves cut or that each swab was cut in half precisely.  Unlike the mock samples, the 
QC stains were much more controlled, and it is more likely that close to the same quantity 
of DNA was deposited on each fabric swatch.  When each QC stain was evaluated, the 
entire swatch was put in the sample tube for lysis, but only half of each mock casework 
swab was used for each buffer type.  Therefore, 40 total QC stains were evaluated, and 20 
total mock casework swabs were evaluated.  Because the QC samples have a larger sample 
number and a significant p-value, they may better represent the comparison data.  The 
ability to confidently obtain a DNA profile from samples containing blood is essential in 
casework.  Reports of potential problems with buffer G2 on blood samples was a major 
concern for the Kansas City Police Crime Laboratory (19).  Switching to diluted ATL 
buffer during the extraction process yields the same quantity of DNA in mock casework 
samples, the same quality of profiles in mock casework samples, and significantly more 
DNA in QC stain samples. 
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3.2 Comparison of the Qiagen® Lyse&Spin Basket Kit and the LPS Forensic Spin 
Filter 
3.2.1 Use of Qiagen® Lyse&Spin Basket Kit for QC Stain Samples 
 One of the most common biological samples seen in crime laboratories are blood 
samples and, for this reason, the first sample type evaluated using the Qiagen® Lyse&Spin 
basket kit was whole blood on cotton fabric (2).  The purpose was to determine if the 
extraction procedure performed with the Qiagen® Lyse&Spin basket kit produced a 
significantly different quantity of DNA than the extraction procedure performed using the 
currently used baskets and tubes.  The concentration of the extract from each sample was 
determined using qPCR and the quantity of DNA extracted (ng/ µL) from the samples is 
shown in Figure 5.  A t-Test was performed assuming unequal variances shown in Table 
6.  It was determined that the Qiagen® Lyse&Spin basket kit did extract a significantly 
lower concentration of than the current spin baskets and tubes, shown in Figure 11.  
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Figure 10. Oneway analysis of DNA concentration (ng/ µL) by basket type for QC 
stain samples.  Mean and standard error bars are shown with blue lines, grand mean is 
shown with a solid grey line, n=40. 
 
Table 6. A t-Test was used to evaluate the difference between the Qiagen® 
Lyse&Spin basket kit and the currently used spin basket for QC stain samples.  
Shows a significant difference between the basket types for QC stain samples. 
 
Buffer Current Lyse&Spin 
Number of Samples 15 25 Upper CL Dif -0.3542 
Minimum 1.345 0.682 Lower CL Dif -1.1299 
Maximum 3.35 2.044 Prob > |t| 0.0008 
Mean 2.06 1.31 Prob > t 0.9996 
STDEV 0.662 0.357 Prob < t 0.0004 
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Figure 11. Comparison of the Qiagen® Lyse&Spin basket kit and the currently used 
spin basket for QC stain samples t-Test plot.  Shows the sampling distribution of the 
difference in the means.  The red line is the actual difference in the means.  The shaded 
areas correspond to the p-values. 
 
 
We also saw that the Degradation Index (DI) for a large number of these samples 
extracted using the Qiagen® Lyse&Spin basket kit was outside the normal range.  Upon 
further investigation it was determined that a DI in this range is not considered detrimental 
and this could indicate that the sample is in pristine condition (27).  The DI is calculated 
by dividing the Small Autosomal (SA) quantitation value by the Large Autosomal (LA) 
quantitation value.  
(1) Degradation Index = Small Autosomal (ng/µL) / Large Autosomal (ng/µL) 
 
3.2.2 Use of Qiagen® Lyse&Spin Basket Kit for Diluted Saliva and Blood Samples 
In order to determine if the quantity of DNA present and the sample type effected 
to difference in quantity of DNA extracted a series of saliva and blood dilutions were 
created and three were selected for testing, 1:2 dilution of saliva, 1:50 dilution of saliva, 
and a 1:100 dilution of blood.  For the 1:2 dilution of saliva samples the concentration of 
the extract from each sample was determined using qPCR, shown in Figure 12 and a t-Test 
was performed assuming unequal variances shown in Table 7.  The samples extracted using 
Difference -0.7421 t Ratio -4.00453
Std Err Dif 0.1853 DF 18.98043
Upper CL Dif -0.3542 Prob > |t| 0.0008*
Lower CL Dif -1.1299 Prob > t 0.9996
Confidence 0.95 Prob < t 0.0004*
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the Qiagen® Lyse&Spin basket kit had significantly lower concentrations of DNA than 
those extracted using the current tubes, shown in Figure 13.  The 1:50 dilution of saliva 
samples were also quantified using qPCR, shown in Figure 14.  The concentrations were 
analyzed using a t-Test assuming unequal variances, shown in Table 8 and there was no 
significant difference between the two basket types, shown in Figure 15.  The DNA 
concentrations of the 1:100 dilution of blood samples were determined using qPCR, shown 
in Figure 16.  A t-Test was performed in order to determine if there was a significant 
difference between the amount of DNA extracted with the Qiagen® Lyse&Spin basket kit 
and the amount extracted with the current tubes, shown in Table 9.  There was no 
significant difference between the amounts of DNA extracted with the Qiagen® 
Lyse&Spin basket kit and the current tube, shown in Figure 17.  
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Figure 12. Oneway analysis of DNA concentration (ng/ µL) by basket type for 1:2 
dilution saliva samples.  Mean and standard error bars are shown with blue lines, grand 
mean is shown with a solid grey line, n=44. 
 
 
Table 7. A t-Test was used to evaluate the difference between the Qiagen® 
Lyse&Spin basket kit and the currently used spin basket for 1:2 dilution saliva 
samples.  Shows a significant difference between the basket types for 1:2 dilution saliva 
samples. 
 
Buffer Current Lyse&Spin 
Number of Samples 15 30 Upper CL Dif -0.021 
Minimum 0.225 0.076 Lower CL Dif -0.231 
Maximum 0.901 0.539 Prob > |t| 0.0213 
Mean 0.433 0.307 Prob > t 0.9893 
STDEV 0.181 0.01 Prob < t 0.0107 
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Figure 13. Comparison of the Qiagen® Lyse&Spin basket kit and the currently used 
spin basket for 1:2 dilution saliva samples t-Test plot.  Shows the sampling distribution 
of the difference in the means.  The red line is the actual difference in the means.  The 
shaded areas correspond to the p-values. 
 
 
Figure 14. Oneway analysis of DNA concentration (ng/ µL) by basket type for 1:50 
dilution saliva samples.  Mean and standard error bars are shown with blue lines, grand 
mean is shown with a solid grey line, n=12. 
 
Difference -0.12597 t Ratio -2.51671
Std Err Dif 0.05005 DF 18.37766
Upper CL Dif -0.02097 Prob > |t| 0.0213*
Lower CL Dif -0.23097 Prob > t 0.9893
Confidence 0.95 Prob < t 0.0107*
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Table 8. A t-Test was used to evaluate the between the Qiagen® Lyse&Spin basket 
kit and the currently used spin basket for 1:50 dilution saliva samples.  Shows no 
significant difference between the basket types for 1:50 dilution saliva samples. 
 
Buffer Current Lyse&Spin 
Number of Samples 6 6 Upper CL Dif 0.004 
Minimum 0.01 0.01 Lower CL Dif -0.005 
Maximum 0.02 0.02 Prob > |t| 0.8779 
Mean 0.015 0.015 Prob > t 0.5611 
STDEV 0.004 0.003 Prob < t 0.4389 
 
 
Figure 15. Comparison of the Qiagen® Lyse&Spin basket kit and the currently used 
spin basket for 1:50 dilution saliva samples t-Test plot.  Shows the sampling distribution 
of the difference in the means.  The red line is the actual difference in the means.  The 
shaded areas correspond to the p-values. 
 
Differ nce -0.00032 t Ratio -0.15787
Std Err Dif 0.00201 DF 9.522112
Upper CL Dif 0.00418 Prob > |t| 0.8779
Lower CL Dif -0.00482 Prob > t 0.5611
Confidence 0.95 Prob < t 0.4389
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Figure 16. Oneway analysis of DNA concentration (ng/ µL) by basket type for 1:100 
dilution blood samples.  Mean and standard error bars are shown with blue lines, grand 
mean is shown with a solid grey line, n=12. 
 
 
Table 9. A t-Test was used to evaluate the difference between the Qiagen® 
Lyse&Spin basket kit and the currently used spin basket for 1:100 dilution blood 
samples.  Shows no significant difference between the basket types for 1:100 dilution 
blood samples. 
 
Buffer Current Lyse&Spin 
Number of Samples 6 6 Upper CL Dif 0.031 
Minimum 0.051 0.06 Lower CL Dif -0.4 
Maximum 0.132 0.125 Prob > |t| 0.7814 
Mean 0.088 0.083 Prob > t 0.6093 
STDEV 0.03 0.025 Prob < t 0.3907 
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Figure 17. Comparison of the Qiagen® Lyse&Spin basket kit and the currently used 
spin basket for 1:100 dilution blood samples t-Test plot.  Shows the sampling 
distribution of the difference in the means.  The red line is the actual difference in the 
means.  The shaded areas correspond to the p-values. 
 
 
3.2.3 Use of Qiagen® Lyse&Spin Basket Kit for Mock Casework Samples 
 Samples that mimic those typically seen in a working forensic crime laboratory 
were created by collecting DNA from the mouth area of bottles, cans, and cigarette butts 
using a sterile swab.  The purpose was to determine if the extraction procedure performed 
with the Qiagen® Lyse&Spin basket kit produced a significantly different quantity of DNA 
than the extraction procedure performed using the currently used baskets and tubes with 
mock casework samples.  The concentration of the extract from each sample was 
determined using qPCR and the quantity of DNA extracted (ng/ µL) from the samples is 
shown in Figure 18.  A t-Test was performed assuming unequal variances, shown in Table 
10.  There was no significant difference between the amount of DNA obtained using the 
Qiagen® Lyse&Spin basket kit and the currently used tube, shown in Figure 19.  
Difference -0.00450 t Ratio -0.28529
Std Err Dif 0.01577 DF 9.679827
Upper CL Dif 0.03080 Prob > |t| 0.7814
Lower CL Dif -0.03980 Prob > t 0.6093
Confidence 0.95 Prob < t 0.3907
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Figure 18. Oneway analysis of DNA concentration (ng/ µL) by basket type for mock 
casework samples.  Mean and standard error bars are shown with blue lines, grand mean 
is shown with a solid grey line, n=54. 
 
 
Table 10. A t-Test was used to evaluate the difference between the Qiagen® 
Lyse&Spin basket kit and the currently used spin basket for mock casework 
samples.  Shows no significant difference between the basket types for mock casework 
samples. 
 
Buffer Current Lyse&Spin 
Number of Samples 27 27 Upper CL Dif 0.051 
Minimum 0.012 0.005 Lower CL Dif -0.052 
Maximum 0.442 0.343 Prob > |t| 0.9841 
Mean 0.084 0.083 Prob > t 0.5079 
STDEV 0.099 0.088 Prob < t 0.4921 
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Figure 19. Comparison of the Qiagen® Lyse&Spin basket kit and the currently used 
spin basket for mock casework samples t-Test plot.  Shows the sampling distribution of 
the difference in the means.  The red line is the actual difference in the means.  The shaded 
areas correspond to the p-values. 
 
 
3.2.4 Evaluation of the Efficiency of the Qiagen® Lyse&Spin Basket Kit 
 At higher starting DNA concentrations, the Qiagen® Lyse&Spin basket kit showed 
significantly lower DNA quantities extracted than the currently used tubes.  In order to 
determine whether or not the baskets effected this difference and how this might occur, 
lysate from a ZyGEM extraction was added directly to cotton fabric in each type of spin 
basket.  The purpose of this experiment was to determine how much, if any, DNA remained 
on the fabric in the spin basket after the spin step of the extraction process.  The starting 
lysate, the flow through from each type of basket, and the buffer from the cotton fabric 
were all quantified.  The fabric left in the spin baskets both contained detectable amounts 
of DNA.  The percentage of total DNA contained in the flow through and in the fabric 
incubation liquid was calculated.  When using the LPS forensic spin filter the flow through 
contained 94.5% and 97.8% of the total DNA and the fabric incubation liquid contained 
5.5% and 2.2% of the total DNA respectively.  When the Qiagen® Lyse&Spin basket was 
used the flow through contained 83.4% and 93.0% of the total DNA and the fabric 
incubation liquid contained 16.6% and 7.0% of the total DNA respectively. Based on this 
Difference -0.00051 t Ratio -0.01999
Std Err Dif 0.02557 DF 51.27129
Upper CL Dif 0.05081 Prob > |t| 0.9841
Lower CL Dif -0.05183 Prob > t 0.5079
Confidence 0.95 Prob < t 0.4921
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calculation it was determined that the Qiagen® Lyse&Spin basket retained more DNA in 
the substrate than the currently used basket.  
 
3.2.5 Implementation of the Qiagen® Lyse&Spin Basket Kit 
One concern the researchers had regarding the implementation of the Qiagen® 
Lyse&Spin basket kit is the significant difference in the quantity of DNA extracted when 
the starting amount of DNA is high.  The two sample types tested with the highest amount 
of DNA, QC stains and 1:2 saliva dilutions, showed a significant difference between the 
two basket types, shown in Table 11.  The efficiency study showed that DNA was trapped, 
or held, in the fabric when both spin basket were used, but there was more residual DNA 
in the Qiagen® Lyse&Spin basket.  This could be due to smaller openings for the flow 
through in the spin basket or the presence of the membrane over these small openings.  It 
is not known at what concentration this significant difference begins to show.  Further 
research must be conducted to determine the reasons and the implication of this.  The 
Qiagen® Lyse&Spin basket kit does not show a significant difference in the quantity of 
DNA extracted with low level samples and, for this reason, they have been implemented 
into working crime laboratories (28). 
 
Table 11. DNA quantity (ng/µL) of each sample type evaluated using the Qiagen® 
Lyse&Spin basket kit. 
Sample Maximum 
Quantity 
Minimum 
Quantity 
Average 
Quantity 
Significantly 
Different? 
QC stains 3.35 0.682 2.715 Yes 
1:2 Saliva 0.901 0.076 0.37 Yes 
1:50 Saliva 0.02 0.01 0.015 No 
1:100 Blood 0.132 0.051 0.086 No 
Mock Samples 0.442 0.005 0.0835 No 
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